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As compound semiconductor production 
volumes and expected yields increase, man- 
ufacturers are being faced with a whole new 
set of issues to solve. Until recently, pro- 
cessing and metrology equipment has large- 
ly been of the R&D type. The stress has been 
on versatility: equipment has had to produce 
and check the widest variety of samples, 
Alec Reader and fr om nitride LED structures to quantum 
John Hennessy, cascade lasers. This is the normal function 
Philips Analytical of R&D. but the flexibility comes at the 
expense of device volumes - processing and 
metrology equipment can only turn out very 
Low quantities. However, the signs are that 
compound semiconductor volumes will soon 
- finally - be ramping up to levels approach- 
ing those of some silicon fabrication iines. 
Compound semiconductor manufacturers 
face a unique set of challenges in taking pro- 
duction volumes to the next level; however, 
there are some lessons to be learned from 
the evolution of the silicon industry. 
Preventing production 
problems on gearing up 
Process development stages 
Each of the three process development stages - 
R&D, pilot and full-scale production - has tradi- 
tionally had its own production and metrology 
equipment.There are R&D systems, semi-auto- 
mated pilot production systems and (now at 
least in the silicon industry) fully-automated sys- 
tems with in-line metrology. Silicon manufactur- 
ers are also increasingly using general-purpose 
‘mother fabs’ to solve any initial processing prob- 
lems for new devicesThen, they transfer produc- 
tion to specialized ‘daughter fabs’ for true high- 
volume productionThere are signs of a similar, 
but down-scaled, variation of this practice in the 
compound industry, with ‘mother’ and ‘daughter’ 
lines. For example several HBT or HEMT manu- 
facturers have chosen this route. 
Irrespective of device volumes, one potential 
problem is common and has been experienced 
and to some extent solved in the silicon industry. 
Each of the process development stages is seen 
as being isolated, with its own set of issues 
which need to be solved before moving on to 
the next stage.This approach, although logical 
invites problems, particularly at the interfaces 
between stages. Many additional costs and pro- 
duction ‘teething troubles’ could be prevented if 
addressed early enough. 
The key is to view the whole production life 
cycle - from R&D through to pilot and eventual- 
ly full-scale production - as a single process. 
Again, the interfaces between the three stages 
need particular study, and semiconductor manu- 
facturers cannot always rely on equipment sup- 
pliers to predict the problems, as each equip- 
ment manufacturer by definition is concerned 
with optimisation of one or a very few small 
parts of the entire process. 
One group of equipment manufacturers does, 
however, fall precisely on the process step inter- 
faces.The vendors of characterization and 
metrology equipment, particularly those who 
provide a range of measurement capabilities, see 
both the direct results of process steps and the 
consequences further down the production line. 
Problems later in the production life cycle can 
often be traced to a root cause at an earlier 
stage. Understanding the needs of the three life- 
cycle stages can help semiconductor manufactur- 
ers to solve the transition problems. 
Companies need to pIan the complete produc- 
tion process - from R&D through to high-volume 
production. Experience has shown that the best 
strategy is to concentrate on materials as they 
flow through the system, which means measur- 
ing the precise effects of previous processing 
stages. Because metrology gives the basic feed- 
back on how successful the design of the 
process has been, it is central to problem-free 
transitions between the three stages. It holds the 
data of how the materials are actually interacting 
with the process. 
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R&D and new materials pilot line createsAs R&D progresses towards the 
development pilot production stage, it is often necessary to con- 
centrate on a dependable implementation of these 
R&D equipment must primarily be versatile production-worthy measurement techniques. 
(Table 1). R&D budgets are limited, and metrolo- Indeed, some companies chose to transfer the 
gy equipment must work with the widest variety R&D staff to the production department. 
of materials, types and sizes of samples. Because 
Software is central to the whole development 
the instrument operators are usually highly edu- 
cated of use is not as critical as it is in the pro- 
process. R&D users need a wide variety of soft- 
duction environment. 
ware functions, with modules for simulation, cre- 
ating maps and area scans, peak finding and 
Regardless of the material property to be meas- labelling, smoothing, and so on.This widest possi- 
ured, one factor places certain techniques aside ble range of modules is slimmed down, with a 
from the rest: how well they transfer to produc- subset being used as the process moves through 
tion. One or more of the metrology techniques production (SPC of course becoming increasing- 
from R&D will invariably end up as the tech- ly important). 
nique used to test material in the production 
If R&D metrology techniques are preserved for 
line. Such techniques must be non-destructive, pilot production no new software has to be 
robust enough for the production environment, learned, and engineers have all the past develop- 
capable of automatic running and results inter- ment data available to them. Measuring the 
pretation, and fast.These requirements eliminate process capabilities at the end of R&D and again 
techniques like TEM (which is destructive and at the start of pilot production can give more 
needs sample preparation), x-ray reflectometry valuable data for improving processes and yields. 
and scanning ion mass spectroscopy (too slow Any great differences in yields during the 
for production control). changeover can also readily be examined. 
A few metrology techniques however stand out 
Pilot production and as fast and rugged enough to work at process 
speeds. Of these, photoluminescence (PL) and x- materials integration 
ray diffraction (XRD) are the standard choices for Pilot production addresses materials integration 
epilayer qualification, whilst ellipsometry/reflec- problems. Here, process engineers and production 
tometry (LE/R) is used for checking dielectric operators take over from researchers.They need 
related pr0cesses.A combination of these three software that is easy and fast to use. Instrument 
techniques can give a full “snapshot” of materi- reliability becomes increasingly important, with 
al/device quality and potential yield. Figure 1, for the expectation of 24 hr/day availability 
example, shows the use of PL and XRD together 
Pilot production equipment must retain some ver- 
to investigate the stochiometry of quaternary 
layer deposition. 
satility, but the need is much less than with R&D. 
Equipment has to deal with a much narrower 
Production friendly metrology techniques are the range of material types, but is expected to provide 
link between the process development stages. assurance that both quality and volume of materi- 
They provide the vital information to full?? what is al are h&&Thus, while R&D studies concentrate 
perhaps the most basic “customer requirement” - on single point measurements, pilot production 
the need for enough working devices to meet the requires full-wafer mapping and the ability to 
demand that demonstration of samples from a track wafer-to-wafer variation. Pilot production 
Fig I The top picture shows a rocking curve map of an InGaAsPNnP epilayel; 
showmg the peak separation decreasing from the centre to the edge. Below 
that. a photoluminescence peak wavelength map of the same wafer is 
shown. These two data maps (which cover the same area, but do not have 
the same point density) form the input to the quaternary calculations. 
The third and fourth pictures show pseudo-3d displays of the arsenic content 
and the gallium composition. These two data maps show the results of the 
qua ternary calculdt~ons. 
equipment needs accuracy of measurements, but also repeatabil- 
ity - if you are looking for process variation, you need to be sure 
the variation isn’t just coming from the instrument. 
Pilot production requires flexibility of production volume. 
Processes must be easily ramped up to full volumes for a suc- 
cessful product, or the line converted to produce other circuits. 
In pilot fabs, the equipment footprint must be much smaller 
than in R&D, sometimes with flush mounting in cleanrooms. 
Analysis peeds must be much higher, with at-line replacing off- 
line analysis. Until recently this has prevented knowledge-inten- 
sive techniques like XRD from fab use, but faster, more sophisti- 
cated software has largely solved this problem - certainly for 
compound production volumes. 
The phenomenal diversity of compound materials, processing 
technologies and even building blocks (certainly compared with 
the monolithic silicon/CMOS/transistor industry) has prevented 
the compound industry from gaining economies of scale. 
Processes are labour intensive, and there has been little automa- 
tion.Yields are therefore generally low and greatly influenced by 
the experience of the engineer, which means that processes not 
overseen by expert engineers may not be properly optimized. 
These circumstances make continual process improvement 
essential. Processes that seem to work well may drift when 
repeated, or be very sensitive to external factors. 
The approach for process improvement is fast to track down any 
special causes of variation (key process parameters going out of 
control, either by crossing the three-sigma process control limits, 
or by showing a trend).When these have been corrected and the 
process is stable, any further improvements mean improving the 
process itself (reducing the ‘common causes’ of variation). 
Yields are likely to be low as a device first moves into pilot pro- 
duction, which makes thorough testing critical. Early device fail- 
ures from even simple processing problems may give customers 
the idea that the process will be difficult and unreliable. It is 
nowhere near enough to just ‘meet specs’. Device parameters 
should be brought further and further within specifications (the 
“continual process improvement” of W. Edwards Deming). 
Processes themselves have a certain capability. Reducing varia- 
tion improves this capability, so that slight process variations do 
not start producing devices that are out of spec, which means 
stopping production to find the cause. Producing well within 
spec increases up-time and yields, and reduces scrap and expen- 
sive rework (when this is possible). 
Robotic handlers, although they add to initial capital costs, give 
much more reliable operation and much higher yields (compound 
semiconductor wafers are very fragile). Compound manufacturers 
can learn a lot from silicon manufacture, which 
has already blazed the path, particularly on process 
automation.Automated materials handling (AMH) 
systems and SECS/GEM software (which defines 
the hardware, software and network interface stan- 
dards for production equipment and host comput- 
ers) are still virtually unknown in compound fabs. 
Manufacturers should however seriously consider 
equipment that can later be upgraded. We have 
recently had our first compound semiconductor 
customer buy a SECS/GEM compatible system.The 
somewhat higher initial capital costs will repay 
many times over the years in lower operating costs 
and higher yields. 
Full production - high- 
volume materials usage 
Compound semiconductor manufacture has so 
far been characterized by relatively low-level 
(pilot) production levels, and full-scale high-vol- 
ume production remains a long-term goal for 
many manufacturers. However, many of the barri- 
ers to upscaling are being removed. Market con- 
ditions seem right, too. For a start, last year’s 
shortage of GaAs wafers - itself an indicator of 
the recent success of compound semiconductors 
- seems to have been solved. GaAs power device 
prices have tumbled over the last year. 
The model of a staged evolution from R&D 
through pilot to full production predicts that 
processing problems should have largely been 
solved before the move to full-scale production. 
Demands on measurement equipment therefore 
change from flexibility to dedicated, high-speed, 
low-Co0 characterization. Measurement process- 
ing power is concentrated on any sensitive pro- 
cessing steps and materials to maximize yield. 
With relatively small metrology test structures, 
metrology spot size becomes important. 
Once again, software is the link from R&D to 
production. One problem throughout the indus- 
try has been the lack of software standardization, 
with new equipment almost always meaning a 
new and unfamiliar user interface.This is finally 
changing, however. Manufacturers who have a 
product line encompassing a number of meas- 
urement techniques, such as Philips, have already 
implemented a common look and feel and even 
full software unification across product lines. 
This means that, for example, that a single piece 
of software is used to manipulate and analyse 
photoluminescence, XRD and reflectivity data. In 
a bolder, more centralised move SEMI’s E95-0200 
has defined the HMI, and is being adopted by the 
major manufacturersThe PQ Diamond (Fig. 2) 
E95-0200 compatible software is now imple- 
mented on Philips’ ellipsometers/reflectometers, 
and will eventually be on all Philips Analytical’s 
metrology equipment. 
The software can -- amongst other things - dra- 
matically reduce operator training time and 
reduce errors. It gives a standard look, feel and 
behavior to the screen, and the input sections 
and messages areas. Setting up measurements 
and tracking jobs is made much easier by the 
availability of extensive libraries of analysis equa- 
tions, parametric maps and databases. 
The ideal is to have the same measurement 
engine for R&D, pilot production and full-scale 
production.Then, moving from R&D to even full 
silicon-scale processing will just be a matter of 
switching in different software modules. 
Although silicon processing volumes may seem 
daunting to compound manufacturers, and 
despite increasing silicon frequencies (SiGe and 
the rest), applications like 3G cellular are giving 
materials like GaAs, InP and lithium niobate a 
very steep growth curve.The market is thus see- 
ing an important change from low-volume, non- 
standardized products to high-volume, commodi- 
ty products.As the industry converts to ever larg- 
er wafers, reducing high-volume manufacturing 
costs will be the key to dominating the market. 
That means keeping start-up costs low, minimiz- 
ing the transition costs associated with time 
spent in learning new equipment and software 
interfaces, improving yields obsessively, and 
maintaining flexible production volumes. If 300- 
mm GaAs-o&i wafers (for example) can be pro- 
duced, the whole cost equation changes.Then, 
manufacturers may well live or die by whether 
their processing and metrology equipment can 
be upgraded.Those with 300-mm equipment can 
just discard their multi-wafer chucks, add some 
load ports, and see their line transformed to vir- 
tual full automation. 
Figure 2: SEMl’s HMI software 
gives a standard user inter- 
face to semiconductor 
processing and metrology 
equipment. Th/s reduces 
training and familiarization 
times (and costs), and a/so 
cuts the chance of errors if 
operators need to act quickly 
during production. 
